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The PSI High Intensity Cyclotron and its
Extrapolation to a 10 MW Driver

P.A. Schmelzbach, Th. Stammbach, S. Adam, A. Mezger, and P. Sigg
Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

The acceleration of a 2 mA, 590 MeV proton beam has been demonstrated at the
PSI High Intensity Cyclotron. The peculiarities of the machine, the operation mode
for high currents, and the ongoing upgrade program are discussed. The conceptual
design of a 10 MW driver based on the extrapolation of the present performances is
presented.
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¢ Introduction: The PSI Proton Accelerator Facility

e The injector 2: Injection/acceleration of a space charge
dominated beam

e The Ring Cyclotron: rf improvement programm: past and
future

e Extrapolation to a 10 MW Driver (The Dream Machine)
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The PSI Cyclotrons as backbone of a multiuser facility

chramer 10-90

05.04.02/

J




~ == e pauL scHERRER INsTITUT

Bunching under space charge dominated conditions
(or: “Space charge compensated bunching” )

- action of space charge forces in a bunched beam
calculated using SPUNCH (R.Baartman, Tokyo 1986)
Sdeg initial phase / dot

480 - a TN
phase [degl

==> |energy spread is reduced, if DC beam current, buncher voltage ' ]
and buncher distance are selected corresponding to each other |

==> |bunching factor ~ 3 for lowest energy spread ].
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Beam collimation in the centre region Inj.2

- ion source DC beam current 12.0mA
collimators in the 870keV beam transport line  1.2mA
- injected beam current 10.8mA
phase defining collimator (KIP1 & KIP2) 7.2mA
- beam current accepted on the 1¥ turn 3.6mA

collimation of phase tails on the 1 turn (KIP3) 0.7mA
vertical collimation (KI1G1,KI1G2,KIG3,KIV) 0.9mA
radial collimation on the 4™ turn (KIP4) 0.2mA
- accelerated beam current 1.8mA
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Beam matching at high beam intensities PSI Inj.2

- longitudinal space charge effects are strong in cyclotrons,
and radial and longitudinal motion are strongly coupled

at high currents the beam has to be matched in 6 dimensions |

b
==> |circular bunch is a stable configuration under space charge
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- note:

a circular bunch in radius and phase is stable under acceleration,
dl = dR = +6mm corresponds to 17deg fw at injection,

phase width becomes extremely narrow at extraction, ~2deg

a slightly mismatched bunch is captured into the matched phase
space (Adam, Koscelniak, PAC 1993)
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Inj.2: turn profiles & extraction J
- beam profile of the last 7 turns, 72MeV
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- injector for a 10MW beam facility, 1GeV/10mA
tentative lavout:

4 sectors, E = 120MeV

4 resonators, E, = 2. - 2.5MeV/turn
dR/dn = 27.6 - 34.5mm

AR(40) = 23.3mm at 10mA

=® tum scparation = 4.7 -5.9¢

——— e

=% use off-centre lnjectmn in order
|m increase turn separation i

—

open questions:

can an RFQ be used as preinjector
what beam quality can be expected with 10mA
does better longitudinal matching reduce AR

——,

== full 6 dimensional space charge
simulation needed |

6 dimensional lrackmg:- code is
being developed :

=,
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PSI 590MeV Ringcvclotron: extraction of the beam
- beam profiles of the last 12 turns in the Ringcyclotron, 1.8mA

linear 3o f\ "
scale 25 w \
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radius Lmm ]

— dﬁfdn = 12mm
i.&R(*i-o) =6.8mm at 1.8mA

‘turn separation = 7¢
low beam loss at extraction,

‘annually averaged extraction rate 99.98% at 1.5 - 1.8mA
==2> turn separation doubled with a large betatron oscillation
introduced by off-centre injection
turn separation optimised by a moderate mismatch of the
radial phase space & the dispersion trajectory

longitudinal space charge effects

— pﬁau of the flattop system is an il_nponant parameter to
L optimise the turn profiles at extraction
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Joho's rule on turn separation is confirmed experimentally:
Egain/AEsc is prop. to N

with 1.4 new cavities (1 MV
19821986 1 4 cavitios 450kV> 730 kv IR 2089 |

s . PRI

Number of turns

Current Limit [mA]
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Space ch {1 xtrapolation to a 10MW facili

- note: longitudinal effects add up over all revolutions N
AE, prop. to N for separated turns
to N* for overlapping turns (Jono 1981)

==> turn separation (Eq/AE,) is prop. to (IN°) = (Ey,p)°

Current Limit [mA]
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=> [ PSI Ring: Iy, = 4MA with IMV cavities (F =3 3MeV)
1GeV eyel,: L, = 10mA with 8 cavities (Eg,~6.3MeV)
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10 MW Driver:

Isochronous Cyclotron
for 10 mA at 1 GeV
Main Characteristics:
Injection Energy 120 MeV

12 Sectormagnets

Max Field 21 T

Extraction
Radius (av) 567 m

Cyclotron
Frequency 736 MHz
C: 8 Accelerating
Cavities 4417 MHz
Peak Voltage 1MV
Harmonic Numb. 6

F: 2 Flat~Top
Cavities 1325 MHz
Tura Separation
at Extraction 9 mm

Number of
Revolutions approx. 140

Comparison PSI Cyclotrons vs 10 MW driver:

PSI Injector 2 120 MeV
Energy 72 MeV 120 MeV
Beam Intensity 2.2 mA 10 mA
Cavities 2 + 2 Flattop (now used for | 4
acceleration) Egain: 2-2.5 MeV/turn
dR/dn 23 mm 28-35 mm
AR(o) 13.4 mmat 1.9 mA 23 mm
PSI Ring 1 GeV
Magnete 8 12
Cavities 4 (730 kV) 8 (1000 kV)
Flat top 1 (460 kV) 2 (650 kV)
Rav 4462 mm 5677 mm
Number of turns 215 140
Egain at extraction 2.44 MeV 6.3 MeV
Number of turns 215 140
dR/dn = (Rav ¥ /(y*+1)ve “)(Egain /E) | 5.7 mm 10.7 mm
x 2 with betatron oscillation 12 mm
AR(o) 6.8 mm at 1.8 mA
Turn separation 70 76
Space charge limit 2 mA (4 mA expected with | 10 mA
1000 KV cavities)
Beam power 1.18 MW (2.36 MW) 10 MW
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